Abstract-In the packet access of wireless sensor network, the access protocol for avoiding packet collision causes the delay.
I. INTRODUCTION
Recently, the wireless sensor network (WSN) can construct the new life style, so it and the related communication, Machine to Machine (M2M) and Device to Device (D2D), are attracting much attention [1] . The requirements for WSN system are widely diversified. Especially, the real time of WSN makes the simultaneous and multi point monitoring and the control of mobile system possible. Therefore, the new field of application is exploited.
The recent standards of wireless sensor networks, Zigbee [2] and 61ow pan [3] , are based on packet access. These are suitable for the communication of long life monitoring but these are lack of real time. This is because the simultaneous access is not acceptable and the distributed access control causes the delay. Instead of packet access, the novel wireless communication system is necessary for real time communication.
The wireless communication for simultaneous data collection (WC-SDC) is considered [4] . The sensed data is directly projected to the parameters of wireless communications (wireless parameter), such as time, frequency, and antenna's number. Each sensor sends the information bearing signal constructed by the projection of wireless parameter to the fusion center. If the sensed data are independent for each sensor, the overlap of wireless parameters hardly occurs. Even if the sensors simultaneously access the fusion center, each sensed data could be detected, separately due to the independency of sensed data. Even though the overlap of them occurs, the existence of sensed data can be detected. The data cannot be detected separately but the distribution of them can be detected.
The sensed data include the specific features, such as the time continuous and the limited dynamic range. Therefore, the tracking technique, which tries to detect the time continuous, can decompose each sensed data from the signal transmitted by WC-SDC. However, the flickers of wireless communication parameters, frequency offset and timing offset, directly causes This paper evaluates the accuracy of data decomposition by Kaiman filtering [5] in the WC-SDC. For evaluation, firstly, the temperatures in the indoor room are evaluated by the sensor of temperatures. After the data of the temperature versus time are obtained, the fusion sensor collects the data of the temperature from all the nodes by the WC-SDC, which is emulated by the computer simulation. From the numerical results, the accuracy of data decomposition and the impact of the frequency offset to the decomposition is clarified.
II. OVERVIEW OF WIRELESS COMMUNICATION FOR SIMULTANEOUS DATA COLLECTION: WC-SDC
This paper considers that single fusion center (FC) collects the sensing data from all the sensors by WSN. Therefore, the network style is the star topology. Figure 1 shows the system model of wireless sensor network. We considers the frequency projection type of WC-SDC. Figure 2 shows the overview of the WC-SDC. After the sensed data is quantized and then the integer data is obtained, the carrier whose frequency is corresponded to the sensed data is transmitted. For selecting the frequency of carrier, we use the inverse fast Fourier transform (IFFT) like the orthogonal frequency division multiplexing (OFDM). The point number of IFFT corresponding to the sensed data is selected and 1+Oj is set to it. Zero is set to the other point number of IFFT. After IFFT, the carrier whose frequency is corresponded to the sensed data is obtained. In FC, the frequency components of the received signal are detected by FFT. As a result, the frequency components specified by the sensed data appear. Owing to the 978-1-4799-6786-5/14/$31.00 ©2014 IEEE However, since the center frequency of sensor node is not matched to that of FC, the frequency offset occurs [6] . The frequency offset directly causes the fluctuation of sensed data.
III. DATA TRACKING OF KALMAN FILTER
This paper decomposes each sensed data from the frequency components by Kalman filter.
Kalman liter evaluates the time transition of each data and thus obtains the most smooth data time sequence. Therefore, in WC-SCD while the FC is collecting the data, the time continuous of sensed data can be evaluated by Kalman filter. As a result, each sensed data can be decomposed. Figure 3 shows the processing flow of the considered Kalman filter.
A. Model of Kalman Filter
All the sensor nodes inform the fusion center about the sensing data, periodically, where the minimum time duration of the informing period is defined as slot. In FC, the sensing data are detected by the threshold decision from the received signal. In kth time slot, the sequence of detected sensing data are defined as
where M is the number of detected data.
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In fcth time slot, the priori estimated statement is &k\k-i £ i? 2 , where the initial value of it is #o|
, M-l)th detected data in 0th time slot and
Ay is the amount of change per one slot for the detected data. The model of observation is h and the stationary process for time. Therefore, the estimation of detected data, X k , is defined as
The most suitable data is selected from dk by the following data selection rule.
This is the output of Kalman Filter. Next, the Klman gain is derived for estimating the statement and is defined as
where S^^is the priori со variance matrix of the statement, x, and the initial value of it is Σ 0 |-ι = Ql, where I is identity matrix and Q is the constant value. Σ" is the power of noise included in the detected data and it is Σ" = VI, where V is constant value.
The posteriori covariance matrix is updated as follows.
Therefore, the covariance matrix in the next time slot is Sjfe+i| jfe = FSD^F +Σ"
where F is the model of environment, Σ" is the power of noise including in the estimation of statement. From the equations (3) to (5), the Kalman gain is updated every time slot. From the obtained Kalman gain, the posteriori statement,
Therefore, the priori statement in the next time slot, х к+ ц к , is After obtaining this, the estimation of statement is moved to that of the к + 1 time slot.
B. Mistracking
As the Fig. 4 is shown, when the two data sequences are near together or are crossed each other, the two results of data tracking trace a data sequence. This is mistracking. For avoid ing the mistracking, the following algorithm is considered. When we recognize TP, the Kaiman filter for the sec ond rank is started. In eq. (2), the selection criterion is changed from the minimum distances between the detected data du{i) and the estimated data λ& into the second minimum distance between them. In the Kaiman fiter of the second rank, after Y time slots, the selection criterion is restored to the minimum distance. After TP, we have two tracking results, y^k £ ^s and y2,k € R s , where the former and the latter are the results of Kaiman filters of the first and the second rank, respectively. 7) After M ф M pos t are maintained for N time slots, the process of data switching is started. 8) We obtain the two average slope values after TP as follows.
(10) 
As a result, the similarity between the averaged slopes of the prior TP and the posteriori TP is maintained. Therefore, the mistracking is avoided. This research constructs the integrated system between the sensors of temperature and the computer simulation. The temperature monitor and logger (EM-SD) is used as the sensors of temperature. The temperature is sensed every 10 second during 30 minutes. There are five sensors and one oil heater. The sensed data are saved as the CSV format. Therefore, the temperature versus time is obtained. The obtained data is used for the transmitted data of each node in computer simulation. Figure 6 shows the experimental result between the time and the temperature. From about 150 sec, the oil heater starts working. Since one sensor is near the oil heater, one result indicates the dramatic increase of the temperature.
In computer simulation, the number of IFFT points is 512 and the dynamic range of temperature is limited from 0 degree to 51.2 degree. The quantization level is 0.1 degree. The channel from each node to FC is modeled by independent Rayleigh fading. Every 20 second, the independent fading occurs. For detecting the frequency component, the threshold to achieve 10 -4 false alarm is calculated and then it is twice enlarged for margin. The frequency offset is modeled by the random variable of the uniformly distribution, where the maximal value of the frequency offset is the parameter of frequency offset. FC detects the sensing data and then each data is decomposed by Kaiman Filter. 
V. NUMERICAL RESULTS
Figures 7 (a) , (b)
, and (c) show the detected sensed data in FC and are in the last page of this paper. Figures 7 (d) , (e), and (f) shows the decomposed sensed data by Kaiman filter, where the average SNR is 40 dB is the simulation of wireless communication. In these simulations, the amounts of frequency offset are 1%, 2%, and 3%, respectively, where these are normalized by the frequency span of subcarrier. From fig.  7 (c) , when the normahzed frequency offsets are 2 and 3%, the fluctuations of sensed data are confirmed. In addition, the granulated noises around the each data are also confirmed. This is because the orthogonality of subcarrier is distorted by frequency offset and thus the inter-carrier interference occur [6] . In figure 7 (d), in 1%, all the sensed data are successfully decomposed. However, in figure (e), from 200 sec to 400 sec, the mistracking occurs. In addition, in figure (f), when we compare the original result of figure 6 and that of figure 7 (f), the tracking result is significantly distorted. Figure 8 shows the performance between the average SNR and the normahzed mean square error (NMSE), where the definition of NMSE is
where U is the number of sensor nodes, and у к (i) is the true data of ith data tracking in к time slot. The frequency offset is 0. Figure 7 shows the relationship between the tracking result and the NMSE. From this figure, when the NMSE is larger than 2.76 xlO -3 , we confirm the obvious distortion of tracking result. In the Fig. 8 , when the SNR is 40 dB, the required level of NMSE is achieved. The frequency bandwidth of each transmitted data is so narrow. Therefore, the diversity gain is necessaiy for reducing the required SNR. Figure 9 shows the relationship between the frequency offset and the NMSE. From this figure, when the frequency offsets are from 0 to 0.01, the required NMSE is achieved. Therefore, we confirm the acceptable level of frequency offset is at most 0.01.
VI. CONCLUSION
This paper evaluates the accuracy of data decomposition by Kaiman filter in the wireless communication for the si multaneous collecting data. In the numerical results, when the accurate frequency synchronization is estabhshed, the high accurate of data decomposition is achieved, but it is sensitive for the frequency offset. Therefore, the frequency compensator for WC-SDC is proposed and it is important future work. 
